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The title compound, [RuCl2(/7*-C6H6)(Ci2H22ClP)] CHCl3, 
was prepared by reaction of [RuCl2(?7''-C6H6)]2 with chloro- 
dicyclohexylphosphane in CHCI3 at 323 K under argon. The 
Ru" atom is surrounded by one arene ligand, two CI atoms 
and a phosphane hgand in a piano-stool geometry. The 
phosphane ligand is linked by the P atom, with an Ru— P bond 
length of 2.3247 (4) A. Both cyclohexyl rings at the P atom 
adopt a chair conformation. In the crystal, the Ru" complex 
molecule and the chloroform solvent molecule are linked by a 
bifurcated C— H- ■ (€1,0) hydrogen bond. Intramolecular 
C— H- ■ -CI hydrogen bonds are also observed. 



Experimental 

Crystal data 

[RuCl2{C6H6){Ci2H22ClP)] ■ CHCI3 

M, = 602.16 
Monoclinic, Pijn 
a = 7.9717 (1) A 
b = 16.3020 (2) A 
c = 18.0602 (3) A 
= 91.244 (1)° 

Data collection 

Bruker Kappa APEXIl DUO 
diffractometer 

Absorption correction: multi-scan 
{SADABS; Bruker, 2008) 
T^„ = 0.630, T^^ = 0.859 

Refinement 

R[F^ > 2a{F^)] = 0.019 

wR(F^) = 0.048 

S = 1.05 

5619 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



V = 2346.45 (6) A-' 
Z = 4 

Mo Ka radiation 
jtt = 1.42 mm^' 
r= 150 K 

0.36 X 0.22 X 0.11 mm 



37052 measured reflections 
5619 independent reflections 
4963 reflections with / > 2o-(/) 
Ri„, = 0.031 



244 parameters 

H-atom parameters constrained 
Ap„^ = 0.41 e A-' 
Apmin = -0.37 e A"' 



D-H-A 




D-H 


H---A 


D---A 


D-H- - A 


C14-H14B- 


■CU 


0.99 


2.56 


3.4080 (17) 


144 


C18-H18^- 


■CU 


0.99 


2.74 


3.5366 (17) 


138 


C19-H19- ■ 


■Cll' 


1.00 


2.69 


3.5539 (17) 


144 


C19-H19- ■ 


■CI2' 


1.00 


2.77 


3.6119 (18) 


142 



Symmetry code: (i) x, y. z + 1. 

Data collection: APEX2 (Bruker, 2011); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT: program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: XP in 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXL97. 



Related literature 

For the molecular structure of Ru complexes with the related 
chlorodiphenylphosphane hgand, see: Jantscher et al. (2009); 
Torres-Lubian et al. (1999). 




Supporting information for this paper is available from the lUCr 
electronic archives (Reference: IS5363). 
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(i/^-Benzene)dichlondo(chlorodicyclohexylphospharie-/cP)rutheriium(ll) chloro- 
form monosolvate 

Saravanan Gowrisankar^ Helfried Neumann^ Anke Spannenberg and Matthias Beller 

1 . Comment 

The half-sandwich (?/*-C6H6)-dichlorido(chlorodicyclohexylphosphane)ruthenium(II) complex was formed by reaction of 
one equivalent of [RuCl2(^''-C6H6)]2 with two equivalents of (Cy2P(l-naphthoyl)) ligand under hydrogenation conditions 
(CHCI3, 60 bar of H2, 353 K, 3 hrs) as a side product. The cleavage of the 1-naphthoyl group from [RuCl2(?/''-C6H6) 
(Cy2P(l-naphthoyl)] complex forms firstly [RuCl2(»/''-C6H6)(Cy2PH)] and subsequent chlorination of the dicyclohexyl- 
phosphane unit due to CHCI3 yields the title compound in poor yield. Additionally, we could not observe any trace 
amount of title compoxmd by using non-chlorinated solvents such as MeOH. The substitution of hydrogen next to 
phosphane by chlorine coming from solvent molecules is also described for the formation of a Ru-complex with the 
related chlorodiphenylphosphane ligand by Torres-Lubian et al. (1999). More specifically, the title complex was formed 
by reaction of [RuCl2(//''-C6H6)]2 with chlorodicyclohexylphosphane in CHCI3 at 323 K under argon in 41% yield. 
Crystals suitable for X-ray crystal structure analysis could be obtained by crystallization from a chloroform/heptane 
mixture. In the NMR spectrum of the complex the signal for the phosphorus was observed at 156.3 p.p.m., whereas 
free ligand signal appears at 128.8 p.p.m.. The title compound shows the three legged piano-stool geometry at the 
ruthenium cenfre with the arene, chlorodicyclohexylphosphane and two chlorine ligands in the coordmation sphere (Fig. 
1). The phosphane Ugand is linked by the phosphorus with a Ru — ^P bond length of 2.3247 (4) A. Both cyclohexyl rings at 
the phosphorus atom adopt a chair conformation. The Ru complex is co-crystallized with CHCI3. 

2. Experimental 

A 50 ml round bottom flask with inert gas valve was charged with 0.05 mmol (25 mg) [RuCl2(>/*-C6H6)]2 and 4 ml CHCI3 
under argon atmosphere. To this suspension 0.105 mmol (21 juL) chlorodicyclohexylphosphane was added and the 
reaction mixture was allowed to react 3 h at 323 K. A clear red brown solution has been formed and the volume was 
reduced carefully in high vacuum to ca 1 ml. Next 20 ml heptane was added to the reaction mixture and cooled for 1 h 
with ice bath. The precipitate was washed with heptane (3x5 ml) to yield the title compound as an orange brown solid 
(20 mg, 41%). Red single crystals were grown in CHCl3/heptane mixture at 245 K for 1 day. 'H NMR (300 MHz), 
CDCI3): S 5.71 (s, 6H, benzene), 2.79 (m, 2H, Cy), 2.06-1.54 (m, 14H, Cy), 1.27 (br s, 6H, Cy). "C {'H} NMR (75 MHz, 
CDCI3): S 89.8 (RuPh), 40.4 (d, Jpc = 9.5 Hz, PCH), 27.2, 26.9, 26.7, 26.4, 26.3, 26.0, 26.0, 25.6 (CH2). ''P {'H} NMR 
(121 MHz, CDCI3): d 156.3. 

3. Refinement 

H atoms were placed in idealized positions with C — H = 0.95-1.00 A (CH), 0.99 A (CH2) and refined usmg a ridmg 
model with C/iso(H) fixed at I.IU^C). 
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Figure 1 

The molecular structure of the title compound with 30% displacement ellipsoids. Hydrogen atoms are omitted for clarity. 
(i/^-Benzene)dichloritlo(chlorodicyclohexylphosphane-ft:P)ruthenium(ll) chloroform monosolvate 



Crystal data 

[RuCl2(C6H6)(Cl2H22ClP)]-CHCl3 

M, = 602.16 
Monoclinic, P2\ln 
0 = 7.9717(1) A 
6= 16.3020 (2) A 
c= 18.0602 (3) A 
y9 = 91.244(1)° 
F= 2346.45 (6) A^ 
Z = A 



F(000)= 1216 

Z),= 1.705 Mgm-3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 9877 reflections 

61 = 2.3-27.9° 

H = \ .42 mm"' 

T= 150K 

Prism, orange 

0.36 X 0.22 X 0.11 mm 



Data collection 

Bruker Kappa APEXII DUO 

diffractometer 
Radiation source: fine-focus sealed tube 
Curved graphite monochromator 
Detector resolution: 8.3333 pixels mm"' 
CO scans 



Absorption correction: multi-scan 

{SADABS; Bruker, 2008) 
r^.n = 0.630, r„ax = 0.859 
37052 measured reflections 
5619 independent reflections 
4963 reflecdons with/> 2a{I) 
7?i„, = 0.031 
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,= 1.7° 



-10^10 



yt = -21^21 
/ = -23^23 



Refinement 

Refinement on 
Least-squares matrix: fiiU 

> laip)} = 0.019 
wR{F^) = 0.048 
5= 1.05 
5619 reflections 
244 parameters 
0 restraints 

Primary atom site location: structure-invariant 
direct methods 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred fi-om 

neighbouring sites 
H-atom parameters constrained 
w = l/[o^(i^o') + (0.0187P)2 + 1.4791P] 

where P = (Fo^ + 2F,y3 
(A/(t),^ = 0.001 
Ap™x = 0.41 e A-3 
Ap™„ = -0.37e A-3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the fiill 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of against ALL reflections. The weighted 7?-factor wR and goodness of fit S are based on F^, 
conventional _/?-factors R are based on F, with F set to zero for negative F^. The threshold expression ofF^ > a(F^) is used 
only for calculating i?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F^ 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 





X 


y 


z 


^ ISO ' ^ eq 


CI 


-0.2498 (2) 


0.37279 (11) 


0.04879 (10) 


0.0223 (4) 


HI 


-0.3279 


0.3746 


0.0083 


0.027* 


C2 


-0.2406 (2) 


0.30292 (11) 


0.09373 (10) 


0.0227 (4) 


H2 


-0.3181 


0.2592 


0.0863 


0.027* 


C3 


-0.1149(2) 


0.29763 (11) 


0.15045 (10) 


0.0230 (4) 


H3 


-0.1069 


0.2501 


0.1808 


0.028* 


C4 


-0.0024 (2) 


0.36315 (11) 


0.16134(10) 


0.0231 (4) 


H4 


0.0864 


0.3585 


0.1970 


0.028* 


C5 


-0.0212 (2) 


0.43653 (11) 


0.11906(10) 


0.0235 (4) 


H5 


0.0498 


0.4822 


0.1291 


0.028* 


C6 


-0.1430(2) 


0.44123 (11) 


0.06332 (10) 


0.0227 (4) 


H6 


-0.1552 


0.4900 


0.0349 


0.027* 


C7 


0.2490 (2) 


0.14568 (10) 


0.07869 (9) 


0.0160 (3) 


H7 


0.3484 


0.1741 


0.0577 


0.019* 


C8 


0.2460 (2) 


0.16860 (11) 


0.16112(9) 


0.0211 (3) 


H8A 


0.2381 


0.2290 


0.1661 


0.025* 


H8B 


0.1456 


0.1442 


0.1837 


0.025* 


C9 


0.4035 (2) 


0.13820(11) 


0.20233 (10) 


0.0238 (4) 


H9A 


0.5032 


0.1664 


0.1828 


0.029* 


H9B 


0.3958 


0.1518 


0.2556 


0.029* 


CIO 


0.4238 (2) 


0.04591 (11) 


0.19335 (11) 


0.0276 (4) 


HlOA 


0.5280 


0.0278 


0.2193 


0.033* 


HI OB 


0.3280 


0.0174 


0.2160 


0.033* 


Cll 


0.4316(2) 


0.02332(11) 


0.11175 (11) 


0.0260 (4) 
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1U1 1 A 

Hi lA 




A AO nc\ 

—0.03 /O 


A 1 ATA 
0.10/0 


A A1 1 * 

0.03 1^ 




HUB 


0.5337 


0.0476 


0.0905 


A AO 1 * 

0.031* 






yj.l 1 15 yl) 


A AO /I A /■! A\ 

U.Uj34y (10) 


O.Oo/ /y (10) 


0.0203 (3) 




TT 1 ^ A 

H12A 


0.1771 


A A'^'> 1 

0.0231 


A AO A A 

0.0840 


A A*** C A 

0.025* 




H12B 




0.0421 


0.0145 


A A'^ C sfc 

0.025* 




C13 


A f\n(\c\ ('^\ 


All c\n Z /I A\ 

0.139/5 (10) 


A f\^inn /A\ 
— U.063 / / (9) 


A A 1 /CI i1 \ 

O.Olol (3) 




H13 


A ATAA 

0.0799 


A ATA 1 

0.0791 


-0.0565 


A A 1 Aste 

0.019* 




C14 


A ACTA 

-0.0879 (2) 


A /I A\ 

0.15535 (10) 


A 1110A /I A\ 

-0.11130 (10) 


A A'^AA /')\ 

0.0200 (3) 




T_ri A A 

rli4A 


— U.iODJ 


A 1 1 1 0 

U.ljlo 


A AO/;^ 
— U.UODJ 


A AO /I * 

U.U24^ 




H14B 


-0.1060 


0.2152 


-0.1166 


A A^ /I sic 

0.024* 




C15 


A AT 1 1 /'^\ 

-0.0711 (2) 


All He 1 /I 

0.11651 (12) 


A 1 OTAC /I A\ 

-0.18795 (10) 


A A'^TA f A\ 

0.0270 (4) 




HI jA 




A AC 1 


A 1 O 

— U. lo2o 


A AO O * 

U.032^ 




TT 1 CT^ 

H15B 


A 1 TAC 

—0.1705 


A 1 "? 1 A 

0.1310 


A 1 AA 

-0.2190 


A ATI rfj 

0.032* 




C16 


A AO^ /( /'>\ 

0.0864 (3) 


0.14489 (13) 


A '^'^/n 1 /I A\ 

-0.22631 (10) 


A AO AC / A\ 

0.0305 (4) 




TT 1 ^ A 

H16A 


A ATAA 

0.0799 


A OA/IT 

0.2047 


A C 

-0.2356 


A AO T* 

0.037* 




H16B 


0.0953 


0.1167 


—0.2746 


A AO Trf; 

0.037* 




C17 


A 'I /I AC /^\ 

0.2405 (2) 


0.12592 (12) 


A 1 TOOA /I A\ 

-0.17829 (10) 


A A'l /t //I \ 

0.0246 (4) 




XJ1 T A 

HI /A 


0.34zz 


A 1 yl C3 
0.1453 


—0.2035 


A AOA* 

0.030* 




H17B 


0.2503 


0.0658 


-0.1715 


A AO A rfs 

0.030* 






o.zzyy (zj 


A 1 /CTOA /1A\ 

o.io/zy (10) 


A 1 AOTA {CW 

— 0,102/y (y) 


A A 1 AO /'5\ 

0.0193 (3) 




XJ1 O A 

HloA 


0.2z6z 


0.22/0 


A 1 AA-^ 

— o.ioy2 


A A'l'l * 

0.023* 




TT 1 OTi 

HloB 


A AO 

0.3298 


A 1 C^O 


A AT^A 

—0,0720 


0.023* 




L19 


0.4349 (2) 


0.38768 (11) 


A OCAC/T /I A\ 

0.85956 (10) 


0.0222 (4) 




TT 1 a 


0.34/5 


0.3 /60 


A OATA 

0.89/0 


A AT7* 
0.02 




^1 1 


A A1 /CI ■I /"CA 

0.01613 (5) 


0.35559 (z) 


—0.06323 (2) 


A A 1 AAI /0\ 

o.oiyoi (o) 




C12 


0.30706 (5) 


0.34441 (2) 


A A /I ^ 1 A /T\ 

0.04619 (2) 


A AT 1 AO /A\ 

0.02103 (9) 








A 11991 (l\ 


W.W / Z J J ^^Z J 






C14 


0.54297 (6) 


0.47752 (3) 


0.88609 (3) 


0.03089 (10) 




C15 


0.57325 (6) 


0.30361 (3) 


0.85639 (3) 


0.03164(11) 




C16 


0.33498 (7) 


0.40171 (4) 


0.77265 (3) 


0.03799 (12) 




PI 


0.06247 (5) 


0.18613 (2) 


0.02855 (2) 


0.01377 (8) 




Rul 


0.007356(16) 


0.324634 (7) 


0.046687 (7) 


0.01356 (4) 




Atomic displacement parameters (A^) 




U^X JJ12 


LP' 






IF 


CI 


0.0154 (8) 0.0266 (9) 


0.0251 (9) 


0.0050 (7) 


0.0032 (7) 


-0.0038 (7) 


C2 


0.0166(8) 0.0240(8) 


0.0279 (9) 


-0.0015 (7) 


0.0095 (7) 


-0.0046 (7) 


C3 


0.0270 (9) 0.0234 (8) 


0.0190 (8) 


0.0043 (7) 


0.0099 (7) 


0.0008 (7) 


C4 


0.0251 (9) 0.0275 (9) 


0.0170 (8) 


0.0056 (7) 


0.0010(7) 


-0.0062 (7) 


C5 


0.0250 (9) 0.0204 (8) 


0.0253 (9) 


0.0017 (7) 


0.0054 (7) 


-0.0085 (7) 


C6 


0.0232 (9) 0.0191 (8) 


0.0260 (9) 


0.0067 (7) 


0.0067 (7) 


-0.0004 (7) 


C7 


0.0141 (7) 0.0165 (7) 


0.0173 (8) 


0.0005 (6) 


-0.0004 (6) 


0.0005 (6) 


C8 


0.0222 (8) 0.0236 (8) 


0.0176 (8) 


0.0027 (7) 


-0.0016 (7) 


-0.0017 (7) 


C9 


0.0224 (9) 0.0273 (9) 


0.0213 (9) 


-0.0005 (7) 


-0.0066 (7) 


0.0002 (7) 


CIO 


0.0218(9) 0.0260(9) 


0.0344 (10) 


-0.0004 (7) 


-0.0097 (8) 


0.0074 (8) 


Cll 


0.0202 (9) 0.0197 (8) 


0.0378 (10) 


0.0045 (7) 


-0.0052 (8) 


-0.0008 (8) 


C12 


0.0206(8) 0.0159 (8) 


0.0248 (9) 


0.0015 (6) 


-0.0029 (7) 


-0.0004 (7) 


C13 


0.0174(8) 0.0145 (7) 


0.0165 (8) 


-0.0002 (6) 


0.0008 (6) 


-0.0024 (6) 


C14 


0.0196(8) 0.0189(8) 


0.0213 (8) 


-0.0024 (6) 


-0.0035 (7) 


-0.0011 (6) 
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Z"' 1 ^ 




n AT A/T /I A\ 

U.UjUo (lUj 


A A 1 m /■o^ 

u.uiyz (yj 


A AA^O 

— U.UUo / (oj 


— u.uu /y ( /) 


A AAAA /OA 

U.UUUU ( /) 


1 

ClO 


U.04U3 (11) 


A AT /I A 1 A\ 

U.U34(J (lU) 


A A1 Tl /A\ 

U.Ul / 1 (y) 


— u.uuoj (y) 


A A A 11 /0\ 

—U.UU 11 (o) 


A AAO C /0\ 

U.UUzD (6) 


Cl / 


u.uz /y (y) 


A A'^OI /A\ 

O.Uzoi (y) 


A A1 TO /'0^ 

U.Ul /o [Q) 


A AA1 A /0\ 

U.UUlU (p) 


A AAC7 /OA 
U.UU J / ( /) 


A AAOyI /"OA 

—{).\)\)24 (/) 




u.uiyo (q) 


A AO 1 /'0\ 

O.Uzlo (q) 


A A1 /CO /OX 

U.Uloo [Q) 


A AAAA 

\).\)\)\)y) (o) 


A A A 1 ^ /'^\ 

U.UU Id (o) 


A A A 1 ^ //CA 

—U.UU Id (o) 




U.Ul /4 (o) 


(j.uzoz (y) 


A AO 1 A /'0\ 

U.UzlO (o) 


A AAAO 

U.UUU3 (/) 


A AAAA /'7\ 
U.UUUU (/) 


A AAA 1 /0\ 
U.UUUl ( /) 




U.Oziii (lyj 


A A1 /COO /l 0\ 

U.Ulooo (io) 


A A 1 OA A 1 A\ 

U.Ul /U4 (lyj 


A AAA1 O /I C\ 

— U.UUUlz {id) 


A AAl 1 O /I C\ 

U.UUllo (1 j) 


A AA 1 /CO / 1 /I \ 

U.UUloz (14) 




A A1 /nA /"I o\ 

U.Ui4/U (io) 


A AOAOC /1 A\ 

u.uzUoj (ly) 


U.Uz fO (Z) 


A AA/1 1 C /I C\ 

— U.UU41D (Id) 


A AAA 11 /I /C\ 

U.UUUU (lo) 


A AAAOA /I 

—().{){){)/{) (Id) 






n 01 801 (} Q\ 


0 094'^ 

\J.\JZ.'-tJ \Z. I 


—0 OOdQ^ /"I 


\j .\j\j'-tz.C) yi.j>f 


0 00089 n 


C14 


0.0287 (2) 


0.0250 (2) 


0.0388 (3) 


-0.00293 (18) 


-0.0043 (2) 


-0.00117(19) 


C15 


0.0251 (2) 


0.0273 (2) 


0.0425 (3) 


0.00382 (18) 


0.0000 (2) 


-0.0002 (2) 


C16 


0.0334 (3) 


0.0535 (3) 


0.0266 (2) 


0.0079 (2) 


-0.0096 (2) 


-0.0028 (2) 


PI 


0.01298 (18) 


0.01378 (18) 


0.01459(19) 


-0.00112(15) 


0.00104(15) 


-0.00075 (15) 


Rul 


0.01285 (6) 


0.01339 (6) 


0.01447 (6) 


-0.00015 (5) 


0.00123 (5) 


-0.00095 (5) 



Geometric parameters (A, °) 


CI— C2 


1.400 (3) 


Cll— C12 


1.530(2) 


CI— C6 


1.425 (2) 


Cll— HllA 


0.9900 


CI— Rul 


2.1966(17) 


Cll— HUB 


0.9900 


CI— HI 


0.9500 


C12— H12A 


0.9900 


C2— C3 


1.420(3) 


C12— H12B 


0.9900 


C2— Rul 


2.1970(17) 


C13— C18 


1.530(2) 


C2— H2 


0.9500 


C13— C14 


1.535 (2) 


C3— C4 


1.406 (3) 


C13— PI 


1.8334 (16) 


C3— Rul 


2.1759(17) 


C13— H13 


1.0000 


C3— H3 


0.9500 


C14— C15 


1.531 (2) 


C4 — C5 


1.425 (3) 


C14 — H14A 


0.9900 


C4— Rul 


2.1668 (17) 


C14— H14B 


0.9900 


C4— H4 


0.9500 


C15— C16 


1.519(3) 


C5— C6 


1.386 (3) 


C15— H15A 


0.9900 


C5— Rul 


2.2585 (17) 


C15— H15B 


0.9900 


C5— H5 


0.9500 


C16— C17 


1.520 (3) 


C6— Rul 


2.2705 (17) 


C16— H16A 


0.9900 


C6— H6 


0.9500 


C16— H16B 


0.9900 


C7— C12 


1.533 (2) 


C17— C18 


1.525 (2) 


C7— C8 


1.536 (2) 


C17— H17A 


0.9900 


C7— PI 


1.8457(16) 


C17— H17B 


0.9900 


C7— H7 


1.0000 


C18— H18A 


0.9900 


C8— C9 


1.528 (2) 


C18— H18B 


0.9900 


C8— H8A 


0.9900 


C19— C16 


1.7596(18) 


C8— H8B 


0.9900 


C19— C14 


1.7602(18) 


C9— CIO 


1.522 (3) 


C19— C15 


1.7609 (18) 


C9— H9A 


0.9900 


C19— H19 


1.0000 


C9— H9B 


0.9900 


Cll— Rul 


2.4036 (4) 


CIO— Cll 


1.522 (3) 


C12— Rul 


2.4110(4) 


CIO— HlOA 


0.9900 


C13— PI 


2.0779 (6) 


CIO— HlOB 


0.9900 


PI— Rul 


2.3247 (4) 


C2— CI— C6 


120.45 (17) 


C15— C14— C13 


110.48(14) 


C2— CI— Rul 


71.44(10) 


C15— C14— H14A 


109.6 



Acta Cryst. (2014). E70, m255 



sup-5 



supplementary materials 



Co — CI — Rul 


HA ^ C /"I A\ 

74.25 (10) 


Cz — Ci — ^Hl 


119.0 


/"IZ" /"I 1 TT1 

Co — CI — ^Hl 


119.8 


T» 1 1 TT1 

Rul — CI — HI 


1 ^ A 

126.4 


CI — Lz — 


1 19.69 (16) 


CI — C2 — Rul 


T 1 /II /I A\ 

71.41 (10) 


C3 — C2 — Rul 


70.25 (10) 


CI — Cz — Hz 


1 OA T 

120.2 


Ty^ 

CJ — Cz — Hz 


120.2 


Rul — C2 — H2 


130.8 


C4 — C3 — C2 


119.52 (17) 


C4 — C3 — Rul 


70.76 (10) 


Cz — C3 — Rul 


/1. 06 (10) 


C4 — C3 — H3 


1 OA 0 

120.2 


C2 — C3 — H3 


120.2 


Rul — C3 — H3 


129.5 


C3 — C4 — C5 


120.24 (17) 


C3 — C4 — Rul 


T 1 An t\\ 

71.47 (10) 


C5 — C4 — Rul 


74.74 (10) 


C3 — C4 — H4 


1 1 A A 

119.9 


C5 — C4 — H4 


1 1 A A 

119.9 


Rul — C4 — H4 


125.7 


Co — C5 — C4 


1 1 A AC /I ^7^ 

119.95 (17) 


Co — C5 — Rul 


72.66 (10) 


C4 — CD — Rul 


/c? nz 
bl.lZ) (9) 


C6 — C5 — H5 


120.0 


C4 — C5 — H5 


120.0 


Rul — C5 — H5 


132.5 


r^c r^i 

C5 — Co — CI 


1 1 A OT /I 'TX 

119.83 (17) 


C5 — C6 — Rul 


^7 1 ^7 1 /I A\ 

71.71 (10) 


CI — Co — Rul 


£^0 £^ 1 /A\ 

68.61 (9) 


r^c TT^ 

C5 — Co — ^Ho 


1 OA 1 

120.1 


r^i r^£. TTiT 

CI — Co — Ho 


1 OA 1 

120.1 


Rul — C6 — H6 


132.6 


Clz — C7 — C8 


111.62 (14) 


Clz — C / — ^rl 


■t 1 A A A /I 1 \ 
114,00 (11) 


Co — C7 — PI 


111 f\n /t t\ 

111.07 (11) 


C12 — C7 — H7 


106.5 


C8 — C7 — H7 


106.5 


nl /"IT TTT 

PI — C7 — ^H7 


1 A^ C 

106.5 


t~^c\ t~^o r^n 

C9 — Co — C7 


111 1 /I yl\ 

1 11.31 (14) 


r~^o TTO A 

C9 — Co — HoA 


1 AA /I 

109.4 


/"IT /~^0 TTO A 

C7 — Co — H8A 


1 AA A 

109.4 


C9— C8— H8B 


109.4 


C7— C8— H8B 


109.4 


H8A— C8— H8B 


108.0 


CIO— C9— C8 


110.91 (15) 


CIO— C9— H9A 


109.5 


C8— C9— H9A 


109.5 



/- ■> 1 /"-< -1 A T T 1 /I A 

C13 — C14 — H14A 


109.6 


C15 — C14 — H14B 


109.6 


/~1 1 1 >1 TT1 /I T^ 

C13 — C14 — H14B 


109.6 


TT1 A A 1 >1 TT1 AT\ 

H14A — C14 — ^H14B 


108.1 


CI6 — C15 — C14 


1 1 '1 AT / "t C\ 

112.07 (15) 


f ^ -1 /'I ■s r T T 1 C A 

C16 — C15 — H15A 


109.2 


C14 — C15 — H15A 


109.2 


C16 — CI 5 — H15B 


109.2 


C14 — C15 — H15B 


109.2 


H15A — C15 — H15B 


107.9 


C15 — C16 — C17 


1 1 A A A / 1 C\ 

110.09 (15) 


C 1 5 — C 1 6 — H 1 6A 


109.6 


1 T 1 T T 1 A 

C17 — C16 — ^H16A 


109.6 


C15 — C16 — H16B 


109.6 


C17 — C16 — H16B 


109.6 


H16A — C16 — H16B 


108.2 


C16 — C17 — C18 


111 1A/1C\ 

111.10 (15) 


/~11/r /~11'7 TTITA 

C16 — C17 — ^H17A 


1 AA A 

109.4 


C18 — C17 — H17A 


109.4 


1 ZT <^ IT T T 1 TT* 

C16 — C17 — ^H17B 


109.4 


/~11 0 /"^IT TT1 TT^ 

C18 — C17 — ^H17B 


1 AA A 

109.4 


TT 1 T A IT TT 1 TT^ 

H17A — C17 — ^H17B 


108.0 


C17 — C18 — C13 


11*^ IT /I A\ 

110.17 (14) 


C17 — C18 — H18A 


109.6 


/"'lO /~<10 TT10A 

C13 — C18 — H18A 


1 AA ^ 

109.6 


C17 — CI 8 — H18B 


109.6 


C13 — C18 — H18B 


109.6 


H18A — C18 — H18B 


108.1 


CI6 — C19 — C14 


1 1 A 11 /I A\ 

110.13 (10) 


C16 — C19 — C15 


110.11 (10) 


C14 — C19 — C15 


1 1 A /TX /A\ 

110.69 (9) 


1 A TT1A 

C16 — C19 — ^H19 


1 AO £ 

108.6 


A A TT1 A 

C14 — C19 — ^H19 


1 AO Z" 

108.6 


C15 — C19 — HI 9 


108.6 


/—I 10 T* 1 /"^T 

C13 — ^Pl — C7 


1 A /I T A /T\ 

104.70 (7) 


C13 — PI — C13 


AO /lA /C\ 

98.49 (5) 


C7 — PI — C13 


1 AA TA /zr\ 

100.29 (6) 


C13 — PI — Rul 


1T^ C / C\ 

122.65 (5) 


/^T A 1 T» 1 

C7 — PI — Rul 


115.50 (5) 


/"in T*1 Ti 1 

C13 — ^Pl — Rul 


111 TA /'^\ 

1 1 1 .79 (2) 


C4 — Rul — C3 


1T TT /T\ 

37.77 (7) 


C4 — Rul — CI 


OA f\ A /T\ 

80.04 (7) 


Tl 1 /^1 

C3 — Rul — CI 


Z'T TT /T\ 

67.77 (7) 


C4 — Rul — C2 


ZTO AT /T\ 

68.03 (7) 


C3— Rul— C2 


37.89 (7) 


CI— Rul— C2 


37.15 (7) 


C4— Rul— C5 


37.51 (7) 


C3— Rul— C5 


67.19(7) 


CI— Rul— C5 


66.15(7) 
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1 i\ r^C\ TTr\T> 

CIO — L9 — H9B 


1 An c 

109.5 




C2 — Rul — C5 




no £in 

78.67 (7) 


C8 — C9 — H9B 


109.5 




C4 — Rul — C6 




66.48 (7) 


H9A — C9 — H9B 


1 AO A 

108.0 




C3 — Rul — C6 




^70 A'^ 

78.92 (7) 


Cll — LIO — C9 


1 1 A A"^ /I C\ 

110,42 (15) 




CI — ^Rul — Co 




37.15 (6) 


1 (\ TT1AA 

Cll — C 1 0 — H 1 OA 


109.0 




C2 — Rul — C6 




66.53 (7) 


C9 — CIO — HI OA 


109.6 




C5 — Rul — C6 




35.63 (7) 


1 1 <^ 1 A TT1 ATI 

Cll — CIO — ^HlOB 


1 AA 

109.6 




C4 — ^Rul — PI 




115.27 (5) 


t~^C\ 1 A TT1 ATi 

C9 — CIO — HI OB 


109.6 




C3 — Rul — PI 




AA O'l /C\ 

90.82 (5) 


TT1AA /^1A TT1 ATI 

HlOA — LIO — HlOB 


1 AO 1 

108.1 




CI — Rul — rl 




1 1 A'5 

121.93 (5) 


CIO — Cll — C12 


1 1"^ A/" 

112.06 (15) 




C2 — Rul — ^Pl 




94.15 (5) 


r^l t\ 1 1 TT1 1 A 

CIO — Cll — ^HllA 


1 AA ^ 

109.2 




C5 — Rul — ^Pl 




1 cc\ /c\ 

152,59 (5) 


1 /" 1 i T T 1 1 A 

C12 — Cll — HllA 


109.2 




C6 — Rul — PI 




1CAA1 /C\ 

159.01 (5) 


C~' \ l\ TT11T~) 

CIO — Cll — ^HllB 


1 AA 1 

109.2 




C4 — Rul — Cll 




1 C A A 1 /C\ 

150.91 (5) 


C12 — Cll — ^HllB 


1 AA 

109.2 




C3 — Rul — Cll 




1 ^jT AC /C\ 

155.05 (5) 


T T 1 1 A i' ^ 11 T T 1 1 T> 

HllA — Cll — HUB 


107.9 




CI — Rul — Cll 




OA O 1 /CX 

89.32 (5) 


Cll — C12 — C7 


111 C ^ / 1 A\ 

111.57 (14) 




C2 — Rul — Cll 




1 1^7 1A 

117.20 (5) 


C 1 1 — C 1 2 — H 1 z A 


1 AA '5 

109.3 




C5 — Rul — Cll 




111 CI /CA 

113.53 (5) 


1 TT1 A 

C7 — Clz — HlzA 


1 AA T 

109.3 




C6 — Rul — Cll 




oo n£ /ex 

88.76 (5) 


Cll — C12 — H12B 


109.3 




PI — Rul — Cll 




AO '>/'/' /I C\ 

93.366 (15) 


C7 — Clz — HlzB 


1 AA 1 

109.3 




C4 — Rul — C12 




A 1 1 A /C\ 

91.20 (5) 


H12A — Clz — ^H12B 


1 AO A 

108.0 




C3 — Rul — C12 




119.52 (5) 


n 1 o p 1 a p 1 4 

1 O 1 J 1-/ i H- 






a Rill r'l') 






C18— C13— PI 


110.18 (11) 




C2— Rul— C12 




157.35 (5) 


C14— C13— PI 


113.20(11) 




C5— Rul— C12 




90.37 (5) 


C18— C13— H13 


107.0 




C6— Rul— C12 




114.49 (5) 


C14— C13— H13 


107.0 




PI— Rul— C12 




86.505 (14) 


PI— C13— H13 


107.0 




Cll— Rul— C12 




85.306(15) 


Hydrogen-bond geometry (A, °) 


D—n-A 




D— H 




D-A 


D—R-A 


C14— H14fi-Cll 




0.99 


2.56 


3.4080(17) 


144 


CIS- H18^"C11 




0.99 


2.74 


3.5366 (17) 


138 


C19— H19-C11' 




1.00 


2.69 


3.5539 (17) 


144 


C19— H19-C12' 




1.00 


2.77 


3.6119(18) 


142 



Symmetry code: (i) x,y, z+l. 
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